✷
In nonuniform plasmas (e.g., tokamak plasmas)
• Radial inhomogeneities ⇒ SAW continuous spectrum • "Singular" inertial + "Regular" ideal regions ⇒ Generalized fishbone-like dispersion relation iΛ(ω) = δW f + δW k (ω)
• Λ(ω): "inertia" due to background plasma ⇒ Structures of continuum and gaps
• δW f : "δW " due to background plasmas ⇒ existence of discrete AEs
• δW k : "δW " due to EPs ⇒ "Bump-on-tail" paradigm: Wave-trapping (radial resonance detuning) + Dissipation + Source ⇒ extensively developed by Berk, Breizman and co-workers and applied to explain experimental observations ⇒ "Fishbone" paradigm: Phase-locking (due to frequency chirping) + Radial decoupling (due to mode structure localization) ⇒ to be further developed along with realistic large-scale simulations
• Nonlinear wave-wave interactions: The pure Alfvénic state ✷ Infinite, uniform, ideal MHD plasma 
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• δJ 
To break pure Alfvénic states:
• Finite ion compressibility: ion sound perturbations
• Non-ideal MHD effects: δE = 0 ⇒ kinetic Alfvén waves
• Geometries: continuous and discrete SAW spectra [e.g., Toroidal Alfvén Eigenmodes (TAE)]. 
• Backscattering: Counter-propagating SAWs 
⇒ Qualitative implications to turbulence and transports • MHD regime • Closely related to zonal flows/structures (k z ≃ k zr ) studied in tokamaks ⇒ self-regulation of driving turbulence via scattering to larger-k r stable domain. • Neglecting finite ion-Larmor-radius corrections to Reynolds stress.
• Decoupling between the electrostatic and magnetostatic convective cells.
⇒ Present gyrokinetic theory of excitation of convective cells by KAW

✷
Gyrokinetic theory:
• Theoretical model: uniform, Maxwellian plasma, β ≪ 1 ⇒ (δφ, δA ) nonlinear gyrokinetic equations
• δφ z : electrostatic convective cell δA z : electromagnetic convective cell ⇒ Excited simultaneously by KAW ✷ Dynamics of KAW sidebands (b i < 1)
• Quasi-neutrality condition
A /2ω 0 )(τ + 3/4)b z is the frequency mismatch between ω 0 and Ω ± normal mode frequency.
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⇒ Modulational instability dispersion relation: • If one makes the erroneous decoupling between δφ z and δψ z ⇒ erroneous conclusion that the m.s. convective cell could become modulational unstable!
• If FILR corrections to the Reynolds stress is ignored ⇒ erroneous conclusion that modulational stability depends on T e /T i ! • SAW in tokamaks consists off continuous and discrete spectra [Alfvén Eigenmodes (AEs)].
• In tokamaks ⇒ finite magnetic shear ⇒ k · B = 0 for all r, when n = m = 0 ⇒ Convective cells with k z = k rr ⇒ zonal flows or zonal structures survive.
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• Ideal MHD limit: Vorticity equation
• SAW continuous spectrum ⇒ R.H.S. ⇒ 0; i.e., Alfvénic state survives
• AE's ⇒ |R.H.S.| remains finite ⇒ Alfvénic state is broken
• Example: TAE ✷ Linear properties of TAE:
• Equilibrium poloidal asymmetry ⇒ ǫ 0 cos θ ⇒ m and m ± 1 coupling ⇒ SAW continuum gap and TAE.
• Ω = ω/ω A , ω A = v A /qR, Ω • Radially localized between two mode rational surfaces ⇒ |k |qR ≈ 1/2 ✷ Dynamics of the TAE Sidebands:
T (k z ) • δŴ T : "defects" in the ideal region.
•
